A Gilford 3400 Automatic Enzyme Analyzer has been modified to assay 60 samples per hour in modes 1 and 2 (28 and 61 seconds of incubation) or 30 samples per hour in mode 3 (187 seconds of incubation). The calculation cycle was reduced threefold to print activity based on LA/20 s, rather than A/60 s. Linear ranges at 30 and 37 #{176}C for lactate dehydrogenase. aspartate aminotransferase, and alkaline phosphatase were determined with control sera at rates of 60 samples per hour and for creatine kinase activated by dithiothreitol at 30 samples per hour. AutoAnalyzer end-point assays of patients' sera were correlated with the Gilford U/liter values. Application of the Micromedic pipette to the Gilford AEA system provided a convenient mean to study the linear range, precision, and accuracy of an enzyme assay.
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Micromedic pipette, precision and accuracy
As part of a program to develop a computerized clinical chemistry laboratory, a Model 3400 Automatic Enzyme Analyzer (Gilford Instrument Laboratories, Oberlin, Ohio 44074) was evaluated for the rapid analysis of LDH, GOT, ALP, and CPK (1, 2) . 1 This enzyme analyzer is a modular system which fulfills three basic requirements of classical kinetic analysis: (a)additionof reagentto sample with thorough mixing, (b) At its maximum rate our Gilford 3400 analyzed 27 samples per hour in modes 1 and 2 and 17 per hour in mode 3. A comparison of printout data obtained during the first and second minutes of reaction showed that the former provided better linearity and a more precise determination of initial velocity (2) . The program of the instrument was therefore modified to obtain a 1-mm sampling cycle in modes 1 and 2 and a 2-mm cycle in mode 3. Since the Model 3400 is not equipped with an automatic sampling system, several semi-automatic diluters and micropipettes were investigated.
Use of a Micromedic pipette resulted in good precision and accuracy for the kinetic analysis of serum enzymes (1) (2) (3) (4) . This communication describes the results obtained at both 30 and 37 #{176}C for serum LDH, GOT, and ALP at sampling rates of 60 per hour, and for CPK at 30 per hour.
Equipment, Materials, and Methods

Modification of the Analyzer
The analyzer is comprised of a sampler-programmer that accommodates 100 tubes, reagent dispenser, spectrophotometer with flow-through thermocuvette, enzyme activity calculator, and printer. Dispensing, mixing, and aspirating samples are controlled by a vacuum pump. Aliquots of serum are manually pipetted to the reaction spintubes, which are set into the 10-placedBCD coded racksof the sampler.On pressing the start switch, kinetic analysis is fully automatic. Our Model 3400, referred to as the "old" or /60 s model, analyzed 27 samples per hour by means of the timing sequences shown in Table 1 for modes 1 and 2. Mode 3, designed for CPK, provided an incubation of >4 mm to assay 17 samples per hour. When a sample is aspirated to the thermocuvette, the initial absorbance is printed out. After incubation for the programmed time interval, the enzyme concentration calculator is activated, as evidenced by its signal light coming on. At 10-s intervals thereafter, 12 absorbance values are read for a period of 2 mm. During the first minute, each of the six absorbances is stored and the differences between the corresponding values obtained during the second minute are then printed.
Model
Original "old" Six rates, L.A/60 s or equivalent U/liter, are thus obtained during the second minute. Our interest in increasing the rate of analysis to 60 per hour resulted from a comparison of printout data obtained during the first and second minutes of reaction. When the spectrophotometer is operated manually as a separate system, absorbances may be printed automatically at 10-s intervals. A comparison of the first and second minute rates for 10% to fullstrength control serum (Versatol-E) showed that with increasing enzyme concentration, the secondminute rates based on .A/60 s were progressively slower than the first-minute rates based on z.A/10 s. The 1-mm rate measurement provided better linearity and a more precise determination of the initial velocity. At our request, therefore, Gilford Laboratories modified the program of our Model 3400 to obtain a 1-mm sampling cycle for modes 1 and 2 as follows: the time interval between absorbance readings in the calculator was decreased by a factor of 3 to obtain the modified .A/20 s model shown in Table 1 . In the calculation cycle, the 12 absorbance values are read at 3.33-s intervals for 40 s to obtain six rate printouts, 14/20 s or equivalent U/liter values. As a result of this modification, mode 3 of CPK was temporarily inoperative; however, the reported (3) activation of creatine kinase by dithiothreitol has recently made it possible to modify mode 3 for serum CPK at a rate of 30 samples per hour, as shown in Table 1 (4) . Subsequent to our modification of the analyzer (2) , new timing intervals for improved productivity and performance were introduced by Gilford. Maximum sampling rates in modes 1 and 2 were increased from 27 to 44 per hour, as shown in Table 1 . The time interval between absorbance readings was decreased by a factor of 2 to obtain the "new" or .A/30 s model. In mode 3, incubation time was increased to over 5 mm and sampling rate to 18 per hour. Three different models of the analyzer are presently in operation, with modes, timing cycles, and sampling rates summarized in Table 1 pi for LDH, ALP, and CPK or 100 Ml in the case of GOT-were transferred by dilution with 500 Ml of water. As described below, the Micromedic system provides a convenient means to study the linear range of an enzyme assay without preparing a preliminary series of dilutions for the analysis of a constant volume. at 0.299, adjust the zero control to a readout of 0.000. The factor, which is set into the 300-N, applies only to absorbance printout, whereas the product of both factors determines U/liter printout.
Instrument Settings
The initial absorbance of a reaction mixture is multiplied by the factor set into the 300-N and printed immediately after aspiration to the thermocuvette.
For 
Methods of Determining Range of Enzyme Assays
The selection of a serum aliquot for each enzyme, 50 or 100 Ml, was based on preliminary studies with control sera, Versatol-E or Dade CPK, to assure a fivefold normal range (2, 4) . A 200-Ml Micromedic sampling pump was used to transfer 10-to 200-M1 allquots to Gilford spintubes by dilution with water to the volume specified for each assay (500 Ml for LDH, ALP, and CPK or 600 Ml for GOT). Twenty replicates of each dilution series were studied at 30 #{176}C and 37 #{176}C. The dilution factors and instrument settings shown in Table 2 were used to print U/liter values. Activity was calculated by averaging the adjacent pair of U/liter printouts which gave the highest value. Linear ranges were determined by inspection of the mean U/liter vs. Ml plots and the regression lines calculated. Tentative normal ranges for adults were determined at 37 #{176}C with serum obtained from 40 donors at the Milwaukee Blood Center. To illustrate the manner in which substrate becomes rate limiting, printout data for one dilution series are presented for each of the four enzymes assayed at 37 #{176}C. Activity in the low range of enzymes whose normal values approach zero (GOT, ALP, and CPK) was determined by using a 2O-Ml sampling pump to transfer 2-to 20-fLl aliquots. Where linearity prevailed to 200 Ml (ALP and GOT), a l000-Ml sampling pump was used to determine the point at which substrate becomes rate limiting: 200-to 500-Ml aliquots, transferred by dilution with water to 1050 d (ALP) or 1100 M' (GOT), and 0.5 ml of double-strength reagent were dispensed to retain reaction volumes at 1550 or 1600 Ml, respectively. U/liter activity of patients' sera was correlated with AutoAnalyzer end-point units reported from assays by the following methods: LDH, Wacker units per milliliter by the Passen and Gennaro (11) method: GOT, Karmen units per milliliter by the Morgenstern et al. (12) method; ALP, King-Armstrong units per milliliter by the Kind and King (13) method. CPK activity determined by a manual 5-mm kinetic assay was correlated with the 2-mm kinetic assay described above. 
Resufts and Discussion
Precision and Accuracy of the
Micromedic
Automatic Pipette
Sample volumes from 2 to 500 Ml were stated by the manufacturer to be "accurate to within 2% and repeatable to within 0.1%." The pipette was evaluated by measuring A350 for dilutions of National Bureau of Standards (NBS) certified potassium dichromate (reference material SRM 136c oxidimetric standard; purity, 99.98 ± 0.02%). The molar absorptivity of a 1.70 X 10 mol/liter solutionof K2Cr2O7 in 10 mmol/literH2S04 was first determined in a Beckman DU spectrophotometer: r = 3.12 ± 0.03 X 10, in good agreement with Rand (14) ,2 3.14 ± 0.04 X 10, and with Burke et al. (15), 3.16 ± 0.02 X 10 in 1 mmol/ liter perchloric acid. As shown in Table 3 , 20 replicate aliquots of 2 to 200 Ml were diluted to 1 ml with water and A350 measured in the Gilford 300-N spectrophotometer.
Except for smallest aliquot studied, 2 /21, accuracy expressed as % recovery was 98 ± 2% as claimed by the manufacturer.However, precision did not meet the 0.1% specification, CV varyingwith decreasing sample volume from 0.2 to 1 The shorter range of piston stroke, 10.0 to 11.0% (Table 4) , as compared with 10.0 to 100.0% (Table 3 ) may account for the improved precision.
Because both the pipette and the spectrophotometer contribute to the total variance, Tables 3 and 4 , 0.12 to 1.92%, may be attributed primarily to the pipette. In comparison with manual pipetting however, the Micromedic was found to be more precise and accurate: in the 5-to l00-/2l sampling range, CV varied from 0.15 to 1.04% for. the Micromedic as compared with 0.39 to 2.05% for manual micropipettes;
and A350 recovery from 98.8 to 100.5% and 97.5 to 105.7%, respectively. These studies showed that the Micromedic, which operates on a 6-s cycle, is an efficient and reliable diluter for use with this analyzer.
Lactate Dehydrogenase
The activity of a 10-to 200-/2l dilution series (n = 20) of Versatol-E is shown in Figure 1 . Instrument were within the ±15 U/liter sensitivity of the system; in the 80-to 12O-Ml range, 1358 to 1985 U/liter, a decrease in U/liter occurred from the first to the sixth printout that progressively increased with aliquot volume from 4.0 to 6.0%; in the 140-to 200-/2l range, however, which coincides with deviation from linearity (Figure 1 ), 2300 to 3228 UI liter, the decrease from the first to the sixth printout was even more extensive, 7.1 to 11.4%.
Aspartate Aminotransferase
The activity of a 20-to 200-/2l dilution series (n = 20) of Versatol-E is shown in Figure 3 . Instrument settings for GOT (Table 2) were used to print U/liter based on a dilution factor of 16 for all aliquots. At 37 settings for LDH (Table 2 ) were used to print U/liter based on a dilution factor of 31 for all aliquots. Figure 1 . From the 37/30 #{176}C slope ratio, 16.42/11.53, a temperature conversion factor of 1.42 was calculated for LDH. U/liter printout data obtained for a single dilution series at 37 #{176}C are shown in Figure 2 . The LDH instrument settings (Table 2 ) result in printout sensitivity of ±0.003 A340 for initial absorbance and ±15 U/liter for enzymatic activity. The increase in initial absorbance with aliquot volume, 3.392 to 5.078, is due to the A340 contribution of VERSATOL-E; initial absorbance is due pri- #{176}C, SD increased with sample volume from 3 to 20 U/liter, equivalent to a decrease in CV of 7.7 to 3.5%; at 30 #{176}C, 2 to 14 U/liter, and 7.4 to 4.0% CV, respectively. Linearity prevailed over the range studied at both temperatures; to 580 U/liter at 37 #{176}C, 12-fold the upper limit of the tentative normal range, 7 to 49 U/liter; to 350 U/liter at 30 #{176}C. A temperature conversion factor for GOT was calculated from the slope ratio, 2.86/1.73
1.65. U/liter printout data for a 4-to 500-/2l dilution series at 37 #{176}C are shown in Figure  4 . The GOT instrument settings (Table 2 ) result in printout sensitivity of ±0.003 A340 for initial absorbance and ±8 U/liter for enzyme activity. The increase in initial absorbance with aliquot volume, 3.587 to 6.022 is due to the A340 contribution of Versatol-E; based on the 4-/2l sample, the NADH concentration of the Statzyme-GOT reaction mixture was calculated tQ be 1.9 X 10 mol/liter. No evidence for substrate becoming rate limiting occurred in the 4-to 400-/2l range, 26 to 1148 U/liter, the six activity printouts being practically constant for each sample; at the 500-/2l aliquot, however, 1461 U/liter, a 5.3% decrease occurred during printout. Assays at 37 #{176}C with 600-/2l aliquots showed that linearity does not prevail beyond 1500 U/liter. 
Alkaline Phosphatase
The activity of a 10-to 200-/2l dilution series of Versatol-E (n = 20) is shown in Figure 5 . Instrument settings for ALP (Table 2) were used to print U/liter based on a dilution factor of 31 for all aliquots. At 37 #{176}C, SD increased with sample volume from 4 to 21 U/liter, equivalent to a decrease in CV of 7.7 to 2.4%; at 30 #{176}C, 3 to 14 U/liter, and 8.1 to 2.2%, respectively. Linearity prevailed over the range studied at both temperatures;
to 860 U/liter at 37 #{176}C, sevenfold the upper limit of the normal range, 12 to 115 U/liter; to 630 U/liter at 30 #{176}C. A 37/30 #{176}C temperature conversion factor for ALP was calculated from the slope ratio, 4.22/3.17 = 1.33. U/liter printout data for an 8-to 500-Ml dilution series at 37 #{176}C are shown in Figure  6 . The ALP instrument settings ( The activity of a 10-to 200-/2l dilution series (n 20) of Dade CPK control is shown in Figure 7 . Instrument settings for CPK ( respectively. By inspection, linearity prevailed to 1400 U/liter at 37 #{176}C, 11-fold the upper limit of the normal range, 124 U/liter; to 800 U/liter at 30 #{176}c. Regression lines were calculated from the mean values of the linear ranges and plotted as the solid lines in. Figure 7 . From the 37/30 #{176}c slope ratio, 11.65/6.93, a temperature conversion factor of 1.68 was calculated for PK. U/liter printout data for 2-to 200-/2l dilution series at 37 #{176}C are shown in Figure 8 . The CPK instrument settings ( (100.0% stroke) and 200-/2l (10.0% stroke) Micromedic sampling pumps. From 120 to 200 /21, the six printouts were within ±30 U/liter. In contrast with the other enzymes studied, however, a slight increase occurred during U/liter printout in the nonlinear range. This increase, also observed at 30 #{176}c, is probably due to continued activation of creatine kinase by dithiothreitol during the enzymatic reaction. To illustrate results obtained in the low and higher than normal range, we show the regression line calculated for the 2-to 20-/2l dilutions in Figure 9 .
Correlation of Gilford Kinetic Assays at 37 #{176}C with Clinical Laboratory Enzyme Assays
Patients' sera, identified by daily accession number, were obtained from the chemistry laboratory of Milwaukee county General Hospital. The AutoAnalyzer endpoint units reported by the laboratory4 for LDH, GOT, and ALP were correlated with U/liter values simultaneously determined by the 1-mm kinetic assays described above. The results are shown in Figures 10 to 12. U/liter values reported by the laboratory for CPK were determined by a manual 5-mm assay at 37 #{176}C with use of Statzyme-cPK reagent dissolved in water. This reagent contains glutathione for activation of creatine kinase (3) . When Statzyme-cPK is dissolved in a solution of DTT (25 mmol/liter) rather than in water, activation is further accelerated and incubation time decreased sufficient-UL withoutDII
Fig. 14. Correlation of creatine kinase activity of patients' sera, measured by the Gllford 2-mm kinetic assay at 37 #{176}C (y axis, Statzyme-CPK dissolved In 25 mmol/IIter DTT) and a manual 5-mm kinetic assay at 37 #{176}C (x axis, Statzyme-CPK dissolved in water)
ly to provide the 2-mm kinetic CPK assay described above (4) . As shown in Figure 13 , Statzyme-CPK is inactivein the absence of GSH;5 with GSH, a lag phase of 3 mm was observed at 37 #{176}C, which was decreased to 2 mm in 20 mmol/liter DTT. A comparison of the two methods for determining CPK activity of patient serum, with and without DTT activation, is shown in Figure 14 . The Gilford AEA kinetic assays at 37 #{176}cdescribed in this communication are now being used in the clinical laboratoryforenzyme assays of patient sera.
We are indebted to Dr. R. Bondar, Worthington Biochemical Co., for glutathione-free Statzyme-CPK reagent.
Enzyme: Source: 
Stability of Enzymes in Serum Samples Diluted with Water
In the kinetic methods described above, aliquots of serum were transferred to reaction tubes by dilution with water and held at room temperature until each assay was started by adding reagent. Because the time interval between sample dilution and assay varied, it was of interest to investigate the stability of the diluted enzymes. Twenty replicate aliquots of control serum, 50 /21 (LDH, ALP, CPK) or 100 /21 (GOT), were transferred to Gilford spintubes by dilution with 500 /21 of water. Ten replicate aliquots of each enzyme were analyzed at 37 #{176}c without delay and the remaining 10 after they had stood at room temperature (24 ± 2 #{176}) for 4 h. As shown in Table 5 , the diluted enzymes were stable. A comparison of activity without dilution (serum aliquots transferred directly to spintubes with micropipettes and reagent volume diluted 50% with water) showed that under the conditions used, dilution with water has no significant effect on U/liter activity.
